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Through the deep clear water I saw the heap of ballast, which 
had been undermined and was settling down into the depths, 
being already far below the level of the surrounding sand. 
When the last of the timbers shall have yielded to the axe and 
the waves, the sand will soon level up the hole caused by the 
scour round the obstructing mass, and this heap of Scandinavian 
boulders will lie buried in the sand till some exceptional storm 
shall shift the banks, and expose them again, and perhaps 
transport them along the shore. 

Had this vessel been thrown on a hard rocky shore instead, 
the ballast would have started at once with the other boulders 
on the shore, and been scattered, according to size and form, 
along the coast. As it was, however, these have got buried 
deep in sand, and preserved till, perhaps, the habit of using 
such boulders for ballast shali have been given up, and then, 
washed out by the accidents of weather, of coast destruction, 
and of shifting sand, they will appear among the fallen frag¬ 
ments of a boulder day cliff, and be appealed to in proof of its 
origin. 

How many ships with Scandinavian ballast have been wrecked 
along our eastern coast ever since the time of the Vikings ? 
How many hundred tons of such boulders are still travelling 
round our shores? 

Another source of error I observed, this spring, along the Nor- 
folk coast near Lowestoft. A perpetually changing undercliff 
is formed by slips along the base of the cliffs. When the wind 
Mows hard from the north-east, the shingle is thrown up against 
these broken masses, and much of it rests on the ledges and 
terraces at various heights above the sea. Shells are tossed up 
still higher, and gravel and sand from the upper part of the 
cliff slide and pour down, and find a resting-place here and 
there on its irregular face. When all these various processes 
are seen going on around, and the easily identified patches of 
recent shingle and shells or ancient sand and gravel can be 
observed, with their track from "above, or their obvious equivalent 
below, there is not likely to be any difficulty. But when, in 
subsequent storms, landslips have covered these diversified 
patches with the samples of the various deposits that make up 
the cliffs on that changeful coast, the interpretation is not always 
so clear. Here we find in the boulder clay a mass of gravel 
with shells derived largely from the crag, there a streak of 
shelly sand tossed up from the recent shore, and covered by a 
slipped mass of boulder clay. Large boulders from the glacial 
drift lie side by side with others that have travelled along the 
shore from buildings or from wrecks ; the explanation of the 
companionship being here and there given by the occurrence 
of a tobacco-pipe or the thick end of a glass bottle. 

These are some of the more recent sources of error in our 
attempts to learn the history of deposits from their boulders. 
We must remember also in East Anglia that much of the drift 
is derived from cretaceous boulder-bearing beds, and where 
these appearsporadiealiy in thedrift they cannot be distinguished 
from others which the ice has received first hand from the parent 
rock—except when clear traces of glaciation have been pre¬ 
served. It is not enough, therefore, to record that a boulder 
has been found on such a shore, or even in such a cliff, unless 
the observer has been careful to note the exact conditions and 
the surroundings of each find, 

Cambridge, T. McKenny Hughes. 


On the Tritubercular Theory. 

IN a brilliant address, read last year before the American A sso- 
ciation for the Advancement of Science , 1 Prof. II. F. Osborn has 
brought together and laid before us the latest results of Amer ican 
research to which Mammalian Palaeontology owes so much. 
Necessarily much space is given to the exposition of the theory 
of the development of the cusps of mammalian teeth. N ever 
before has the tritubercular theory been so lucidly explained, so 
logically followed out; never before have its weaknesses been 
so obvious, its errors so plain. 

Prof. Osborn first caiis attention to “Cope’s demonstration of 
the tritubercular molar as the central type in all the mam¬ 
malia’’ as “a great step forward. In looking over the odonto¬ 
graphies of Cuvier, Owen, Tomes, and Brum:, we find there is 
no suspicion of this common type around which the highly 

1 “The Rise of the Ma-nm ilia ia North A-nerca,” Studies from tire Biol. 
Laboratories of Columbia College, Zoal. vol. i. 1893 ; reprinted in Nature, 
Nos. 1262 and 1263, voL xlix. 189}. 
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diverse mammalian molars centre.” Further on he states that 
“all the specialised mammalian series, ungulates, primates, 
carnivores, insectivores, rodents, and marsupials are found play, 
ing similar, yet independent adaptive variations upon one type,” 
that of the Marsupials and Piacentals “ every known triassic, 
Jurassic, cretaceous, and basa! eocene fossii (excepting Dicro- 
cynodon) is in some stage of trituberculy,” and that he is “ able 
to bring forward evidence that the multitubercular molar in¬ 
stead of being primitive was derived from the tritubercular.” In 
short, the arguments from paleontology and embryology in 
favour of considering the tritubercular pattern of molar as the 
primitive type are forcibly put before us. The place occupied 
by this common type amongst teeth, is compared to that held by 
the pentadactyle type in the morphology of the limbs of the four- 
footed vertebrates. What trituberculy is for the teeth, “pen- 
tadactyly has long been for the feet,"and later, “themolarsofthe 
clawed and hoofed mammals can now be compared, as we com¬ 
pare the hand or foot of the horse with that of the cat, because 
they spring from a common type.” At the risk of being tedious, 
I have thought it necessary to give all these quotations to make 
Prof. Osborn’s position quite clear. 

What is our astonishment, then, when a little further on we 
come upon the statement that, “ upon the poiyphyietic theory 
of the origin of the mammals here advocated [namely, 
the independent origin of the Monotremes, Marsupials, and 
Piacentals from a common ancestral stock, the Pro-mammalia], 
we must admit, first, the independent evolution of trituberculy 
in different phyla ; and second, the branching off of several great 
groups in the pre-tritubercular stages.” (!) We are then told that 
the Prototheria, the Metatheria, the Insectivora, and the higher 
Piacentals have all independently, and more or less rapidly, 
entered “into trituberculy.” 

How do these statements agree with the evidence mentioned 
above ? What becomes of the comparison with foot structure ? 
Are we to believe that the pentadactyle limb has been considered 
to be the common orcentraltype, because the various vertebrate 
groups have acquired it independently? The words “ common ” 
and “central,” as applied to a type of structure, have no 
significance nowadays unless equivalent to ancestral. It seems 
hardly necessary to point out that such mythical types hovering 
over organs, and compelling them to assume a certain form, 
have no place in modern biology. We might be willing to 
accept the tritubercular as a generalised, archaic, or ancestral 
type; but it is out of the question, at the same time, to claim 
that it has been independently acquired by the groups in which 
it occurs. Could-the divergence in general structure, and 
habits within the Marsupials, and the Piacentals, lead to a con¬ 
vergence to one type of tooth ? And, more extraordinary still, 
to the same type in both cases? 

Moreover, many of the mammals, which, according to Prof. 
Osborn, so readily pass “into trituberculy,” only do so, 
apparently, to pass no less readily out of it. According to this 
theory the living forms which possess triconodont teeth, amongst 
the Marsupials on the one hand and the Piacentals on the other, 
have been derived from ancestors with triconodont molars, 
which passed through the tritubercular, and again back into the 
triconodont type. 

There is a very grave objection to such a fickle mode of cusp 
development, which seems to have escaped the notice of the 
supporters of the theory. All the various types of teeth met 
with amongst the mammalia are adaptations to particular kinds 
of food, and methods of feeding; the appearance or disappear¬ 
ance of a few cusps here and there may seem a matter of trivia! 
importance to anyone forming a theory of cusp development, 
but there is no reason to think that it is so to the animal which 
possesses the teeth. The independent passage of all these 
groups of mammalia through a triconodont stage would imply, 
that they all and severally took to a particular kind of food (that 
for which the triconodont molar is an adaptation), and again 
their passage into a tritubercular stage would imply, that they 
afterwards took to another method of feeding (that for which 
the tritubercular molar is an adaptation). It is evident that the 
difficulties encountered in the attempt to derive the tritubercular 
tooth from a triconodon form in each group are overwhelming t 
we must, therefore, fail back on the supposition that the original 
mammalian teeth were provided with many cusps, not placed in 
one line, and the exact pattern of which remains still to be found. 

There is much evidence for the view that the upper molars of 
the Pro-mammalian ancestor were of the tritubercular, and the 
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lower molars of the tubercular-sectorial types 1 ; in fact, I think, 
we cannot do better than accept Prof. Cope’s generalisation, 2 
if not as a definitely established theory, at all events as an 
excellent working hypothesis, “that the superior molars of both 
ungulate and unguiculate mammalia have been derived from a 
triwbercnlar type ; and that the inferior true molars of both have 
been derived from a tubercular-sectorial type.” These, in¬ 
deed, are the types which occur most constantly amongst the 
earlier fossil forms, and the most primitive living representatives 
both of the Marsupials and Placentals. The Pro-mammalia, 
when they first arose as a small group struggling amongst their 
reptilian and amphibian rivais, very possibly adopted some 
method of feeding for which teeth of these or similar patterns 
were well adapted. Subsequently, with increasing number and 
divergence, just as in the pentadactyle limb some digits have 
been lost and others become unduly developed, the tritubercular 
teeth have been modified to suit various needs; with this 
difference that, although digits are not easily added, new cusps 
often have arisen in the course of adaptation. 

Oxford, April 21. E. S. Goodrich. 


Zoological Regions, 

WITH reference to the paper of Mr. Wallace in NATURE 
(vol. xlix. page 610), I agree with Mr. Wallace’s aim and with 
his estimate of the importance of the subject. 

A naturalist, who deals with a single large genus as Pedicularis, 
makes his own map, showing the distribution of the species and 
his own view of the lines of descent of his sections in geologic 
periods. He cannot do this on a map showing the division of 
the world into six biologic regions according to the Mammalia 
in them. Or, at all events, none of our monographers, so far as 
I know, has done it. The difficulty in dealing with a whole 
natural order is still greater. 

The consequence is that, if some other botanic writer wishes 
to compare the distribution of Pedicularis with that of some 
allied genus, or to give a view of the distribution of the sub-order 
to which Pedicularis belongs, he cannot make any use of the 
results of the Pedicularis monograph without taking it all to 
pieces and re-arranging the whole material. This is in every 
case a laborious, in many cases an impossible task, 

I therefore agree with Mr. Wallace that we require a 
division of the globe into “areas absolutely defined, easily 
remembered,” so that, after the monographer has treated his 
genus or order in natural regions, he may also “ tabulate ” his 
facts on these standard areas ; in order that his numerical results 
may be (at least in the rough) accessible for immediate use by 
others who may not have time (or sufficient special knowledge) 
to get up the monograph. 

It is evident that Mr. Wallace has overlooked my paper on 
biologic regions and tabulation areas in Trans. Linn. See. vol. 
clxxxiii. £ iS92] (B) pp. 371-387. Otherwise he could hardly have 
written (Nature, vol. xiix. p. 612) that his regions readily enable 
us to tabulate the distribution of a group (and many other state¬ 
ments). In my paper I have pointed out that where I know, as 
in the case of many Sikkim plants, the exact boundary line of 
distribution of many species, I cannot tell whether these should 
be tabulated in Wallace's Region 1, or in his Region 3, or in 
both. The number of species which are in this predicament is 
so great that by exerting a choice how I would tabulate them I 
could bring out any result that might be wished. The more 
accurately I know the distribution of a species the more impos¬ 
sible is it for me to tabulate it on Wallace’s map. And the more 
perfectly a region is biologically laid down (with peninsulas, 
islands, &c.) the more impossible it is to use it as an “ area ” for 
tabulating on. But, I must not trouble you with a recapitula¬ 
tion of my paper above cited, to which I refer Mr. Wallace and 
others who may be interested. C. B. Clarke. 

Kew, April 30. 


The Earthquakes in Greece. 

The severe earthquake felt in Greece on April 27 at 9.20 
p.m. was observed in Birmingham by the aid of a delicate 
bifilar pendulum, with which observations are now being made 

1 In a former paper, ‘'On the Fossil Mammalia from the Stcnesfield 
Slate" (Quart. Jour, Micr. Set., xxxv. 1894), I brought forward some 
additional evidence in favour of this theory. 

2 ‘‘On the Trituberculate Type of Molar Tooth in the Mammalia ” ( Proc. 
Am. Phil. Sac. 1S33), and “Origin of the Fittest.” 
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on behalf of the Earth Tremor Committee of the British Asso¬ 
ciation. This instrument, designed by Mr. Horace Darwin, and 
made by the Cambridge Scientific Instrument Company, is de¬ 
scribed in the Report of the Committee presented at the Not¬ 
tingham meeting last year. 1 I may merely mention here that a 
tilt of the ground in an east-west direction is magnified about 
3000 times by the rotation of a mirror about a vertical axis ; 
and that the image of a fine wire in front of a movable gas- 
jet, after reflection by the mirror, is observed in a fixed telescope 
in the passage outside the cellar in which the pendulum is 
erected. 

Shortly before S p.m. (Greenwich mean time), I went down to 
take the usual reading, and found the image of the wire moving 
slowly from side to side of the field of view, showing that the 
ground was rocking gently backwards and forwards, the time 
of a complete pulsation being from twelve to fourteen seconds. 
It was difficult under the circumstances to make any exact 
measurements, but the maximum east-west component of the 
tilting cannot have been less than a quarter of a second. The 
pulsations were first observed at 7h. 59m., and my impression 
is that the range slightly increased until 8h. 3m. It then rapidly 
diminished, being about ^ of a second at 8h. 12m., and never 
less than of a second until 8h. 28m., after which the pul¬ 
sations ceased to be perceptible. 

The time given by the newspaper correspondents is, I sup¬ 
pose, Athens time, and corresponds to 7I1. 45m. Greenwich 
mean time. The interval between the occurrence of the earth¬ 
quake and the arrival of the pulsations in Birmingham was 
therefore not greater than 14m., and, the distance traversed 
being roughly 1550 miles, it follows that the average velocity of 
the pulsations cannot have been less than I ‘84 miles per second. 

Gillott Road, Birmingham, May I. C. Davison. 


“ Vermes.” 

I wish to enter a protest against the continued use of the 
word “Vermes” as a term of systematic significance with the 
same value as “Mollusca,” “ Arthropoda,” &c, Linntcus 
used the term to include all soft-bodied invertebrates— i.c. 
everything then known except the Arthropoda (his “Insecta”) 
and Veilebrata, Then Lamarck employed the word in a much 
more definite and unexceptional sense, to include the parasitic 
woims, the Cktelopoda being separated as “Annelida.” But 
what do modern writers meant by “Vermes”? Why, it has 
nearly as indefinite a limit as that given to it by Linnaeus, for it 
is used to include almost any invertebrate animal—nevermind 
its structure—tthich does not fit in the Mollusca, Arthropoda, 
Echinoderma, Ccelentera, or Protozoa. In fact, the term, as em¬ 
ployed in such authoritative publications as the Zool. Record, 
Zool. yc.hresbcrir.kt, &c., as well as by Jackson in “ Forms of 
Animal Life,” and in Lang’s text-book, &c., embraces all, or 
most, of the following groups of animals:—Cestoda, Trema- 
toda, Planaria, Nemertina, Archlannelida, Chatlopoda, Hiru- 
dinea, Gephyrea, Polyzoa, Brachiopoda, Nematoda, Acantho- 
cephala, Rotifeia, Sagitta, Echinodeies, and sundry other 
small worm-like forms, and even Balanoglossus, and occasionally 
Chretoderma and Neomenia, 

I do not intend to enter into the classification of this hetero¬ 
geneous assemblage of forms, nor need I do more than refer to 
the fact that definite terms with scientific limitations are in 
existence under which the members of the assemblage can be 
(and are) grouped. 

I am perfectly ready to admit that “Vermes” may be a 
useful descriptive term, if used to imply a certain general form 
of body, as opposed to some other groups; but I do wish to 
urge the abolition of it from text-books or titles of papers by 
well-known zoologists. That the eradication of the word 
presents considerable difficulties, I am aware ; since it is not in 
England alone that “Vermes” still holds sway, bat in all the 
European countries the equivalents “Vers,” or “ Wiirmer,” &c., 
are employed with a more or less equivalent indefiniteness. 
Nevertheless, several such terms have been abolished, and no one 
nowadays would think of speaking, even in a popular, still less 
in a scientific work, of “Radiata” or “Zoophytes” or “In¬ 
fusoria,” in the antique significance of these words. 

Oxford, April 18. Wsi, Blaxland Beniiam. 

1 An account of a new and improved form of the pendulum will appear 
shortly in Nature. 
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